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(54) DC offset correction circuit 

(57) The present invention relates to a radio receiver 
adapted for use in a time division multiple access (TD- 
MA) system. The radio receiver includes DC compen- 
sator circuits configured to decrease the time required 
to cancel DC offset before received data bursts by DC 
coupling a radio frequency (RF) demodulator to a base- 
band channel. The radio receiver may also employ AC 
capacitive coupling having time modification so as to in- 
crease the AC coupled setting time and provide a low 
pole in a RF-to-Baseband interface. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention relates to RF radio receivers 
and more particularly to a circuit configured to decrease 
DC offset of input signals in a digital radio receiver. 

2. Description of the Prior Art 

Digital radio receivers include an antenna which re- 
ceives radio frequency signals and converts them into 
electrical radio frequency signals. These radio frequen- 
cy signals are then reduced to a lower frequency signal 
for amplification in an intermediate frequency (IF) stage. 
In the intermediate frequency stage, the signal received 
from the antenna is amplified and bandpass filtered be- 
fore it is processed further in a baseband section. The 
baseband section typically includes a common mode 
level shifting amplifier coupled to an analog-to-digital 
converter (A/D) and a filtering section. Preceding the 
aforementioned baseband section is a RF demodulator 
which down -converts the incoming RF signal to an in- 
termediate frequency range. The intermediate frequen- 
cy signal is then split and input to a quadrature demod- 
ulator. The quadrature demodulator is operative to re- 
duce the frequency of the input signal to its baseband 
frequency, and subsequently prepares the signal for ex- 
traction of data information. 

Ideally, the baseband section has no DC offset, and 
the DC component of the baseband signal is due to the 
DC component of the transmitted signal. However, in 
practical implementations, there is DC offset present in 
the RF demodulator due to the inherent mismatches of 
radio components and/or local oscillator leakage. In ad- 
dition, the baseband section is typically implemented 
with transistors and resistors whose mismatches add to 
the total DC offset in the channel. This undesired DC 
offset is often acceptable for conventional analog radio 
receivers, however, digital radio receivers have a lower 
tolerance to offset errors, in contrast to conventional an- 
alog radio receivers. This inherent DC offset in a digital 
radio receiver, left uncorrected, is operative to add a DC 
error to the output signal and limit the dynamic range of 
the digital radio receiver. 

Since the RF demodulator DC offset can be rela- 
tively large and is further increased by the gain in sub- 
sequent stages in the baseband section, the RF demod- 
ulator offset must be either blocked or corrected. One 
conventional technique is to prevent the transmission of 
DC offsets from the RF section is to capacitively couple 
the interface between the RF and baseband sections. 
Thus, in the steady-state condition, no DC signals are 
passed and the RF demodulator DC offset is blocked. 
However, this technique in its most basic form effects a 
transient settling time problem in system implementa- 



tions where power down occurs between successive re- 
ceived data bursts. It is noted that powering down be- 
tween data bursts is desirable to decrease power and 
increase talk time in similar applications that employ 
time division multiple access (TDMA) channels. 

Further, to ensure that most of the AC signal energy 
is passed through the interface, the maximum pole fre- 
quency resulting from the coupling capacitor and the 
baseband input impedance (consuming low RF output 
stage impedance at those frequencies) must be limited 
to at most a few hundred hertz. Thus, the settling time 
required to charge these capacitors to their final DC val- 
ues prior to the reception of valid burst data can be tens 
or hundreds of milliseconds. However, in the GSM 
standard (global systems for mobile communication 
standard), there is less than one millisecond between 
receive/monitor bursts. Therefore, a faster settling tech- 
nique to prevent the transmission of DC offsets as pre- 
viously accomplished by the prior art technique is re- 
quired in such a GSM standard. Thus, there exists a 
need to correct in an extremely short time for the unde- 
sired DC offset, particularly in a GSM digital radio re- 
ceiver. 

SUMMARY OF THE INVENTION 

The present invention relates to a radio receiver for 
receiving an input signal and demodulating the input sig- 
nal into inphase (I) and quadrature (Q) signals, wherein 
the input signal contains a DC offset. The radio receiver 
includes an antenna for receiving an input radio signal 
from a fixed site transmitter and a mixer coupled to the 
antenna for generating an intermediate frequency (IF) 
signal from the input radio signal. An AC coupling ca- 
pacitor couples the mixer to a demodulation circuit 
which is configured to demodulate the IF signal into re- 
spective inphase (I) and quadrature (Q) signals. 

The demodulation circuit includes first and second 
mixers for converting the IF signal into the respective I 
and Q signals. The demodulation circuit further includes 
first and second DC correction circuits each including a 
low pass filter which are respectively coupled to the first 
and second mixers. The first and second DC correction 
circuits are adapted to store DC offset associated with 
the first and second mixers prior to the reception of an 
input radio signal. The first and second DC correction 
circuits are further adapted to subtract the aforemen- 
tioned stored DC offset from the I and Q output signals 
of the first and second mixers during reception of the 
input radio signals. 

The radio receiver according to the present inven- 
tion further includes a programmable gain amplifier 
adapted to amplify a baseband signal and an anti-alias 
filter for compensating for aliasing error distortion due 
to undersampling of the amplified baseband signal. An 
analog-to-digital (A/D) converter is coupled to the anti- 
alias filter for converting the analog output signal of the 
anti-alias filter to a digital signal. Further, a decimation 
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and filtering circuit is coupled to the A/D converter so as 
to decimate the output digital signal from the AID con- 
verter. A DC compensator circuit is coupled to the input 
terminals of the programmable gain amplifier and is 
adapted to store DC offset associated with the base- s 
band signal and subtract this stored DC offset from the 
input baseband signal to the programmable gain ampli- 
fier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of the present invention will 
become more readily apparent and may be understood 
by referring to the following detailed description of an 
illustrative embodiment of an apparatus according to the 
present invention, taken in conjunction with the accom- 
panying drawings, in which: 

FIG. 1 is a circuit diagram of a single intermediate 
frequency signal path of a digital radio receiver in 
accordance with the present invention; 
FIG. 2 is a diagram of a time slot configuration used 
in a time division multiple access (TDMA) transmis- 
sion system; 

FIG. 3 is a block diagram of a baseband converter 
section of the digital radio receiver of FIG. 1 embod- 
ying the present invention; and 
FIG. 4 is an alternative embodiment of the base- 
band converter section of FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS) 

Referring now to the drawings, in which like refer- 
ence numerals identify similar or identical elements, 
FIG. 1 illustrates a single intermediate frequency (IF) 
path according to the present invention, designated 
generally by reference numeral 10. The single IF path 
1 0 is adapted to be preferably implemented in n umerous 
digital radio receivers hereby incorporated by reference. 
As will be described in greater detail below, the single 
IF path 10 is configured to be implemented in a RF de- 
modulating section of a digital radio receiver 60 and is 
operative to down-convert a RF signal into a single IF 
signal and subsequently demodulate the IF signal into 
its baseband inphase (I) and quadrature (Q) signals. 
Briefly, the single IF path 10 includes a low noise ampli- 
fier 12, a mixer 16, local oscillator (LO) 18, bandpass 
filter 20 and a variable gain amplifier 22. It is noted that 
the preferred embodiment encompasses a radio fre- 
quency system conveying radio frequency signals be- 
tween a transmitter 50 and the receiver 60 incorporating 
the single IF path 1 0 of the present invention. Preferably, 
the transmitter 50 is a fixed site radio transmitter. How- 
ever, it is to be appreciated that transmitter 50 is not to 
be limited to such a fixed site radio transmitter, but rather 
may be incorporated into any transmitter (i.e., a mobile 
transmitter). 



The manner in which the single IF path 10 down- 
converts a transmitted RF signal into a single IF signal, 
and subsequently demodulates the IF signal into base- 
band I and Q signals will now be described with refer- 
ence to FIG. 1 . First, the antenna 11 transduces the ra- 
dio frequency signals into electronic radio frequency 
(RF) signals. The RF signal is then amplified through 
the low noise amplifier 12 and is coupled to the mixer 
16, via closed switch 19. A second switch 21 is closed 
so as to enable the local oscillator (LO) 18 signal to be 
coupled to the mixer 16. Mixer 16 is operative to mix the 
local oscillator 18 frequency with the incoming radio fre- 
quency signals reducing the frequency data to an I F sig- 
nal. The output of the mixer 16 is an IF signal which is 
then filtered by the bandpass filter 20 coupled to the mix- 
er 16. The aforementioned bandpassed IF signal is then 
amplified in the variable gain amplifier 22 coupled in se- 
ries with the bandpass filter 20. The variable gain am- 
plifier 22 is operative to amplify the IF signals to the cor- 
rect voltage levels so as to avoid saturation and be a 
suitable level for interpretation by the remaining circuitry 
in the receiver 60. As is conventional, the variable gain 
amplifier 22 is controlled by the measured power of the 
incoming radio frequency signals. Further, the IF signal 
is AC coupled to a quadrature demodulating circuit, via 
capacitor 28. The capacitor 28 is functional to block the 
DC component in the bandpassed IF signal. 

The aforementioned quadrature demodulator cir- 
cuit includes mixers 30 and 32 which are both coupled 
to a local oscillator 34 operating with an intermediate 
frequency (IF). The frequency of local oscillator 34 is 
shifted 90° by the phase shifter 36 coupled to mixer 32. 
Therefore, the combinations of the mixers 30 and 32, 
the local oscillator 34 and the phase shifter 36 are op- 
erative to produce two signals 90° out of phase with 
each other. The two output signals are hereinafter re- 
ferred to as the inphase (I) and quadrature (Q) signals. 
Further, the respective I or Q baseband signals contain 
an AC component which includes the information signal, 
and a DC component which is the demodulation of the 
carrier component of the aforementioned IF signal. The 
I and Q data signals are baseband signals which are 
interpreted by the baseband circuitry of the receiver 60 
to form digital data to be used by the radio telephone 
system. To avoid repetition, only the inphase signal (I) 
circuits are shown from this point since the I and Q cir- 
cuits are identical to one another. 

As is conventional, RF signals typically have a small 
DC carrier component along with the information com- 
ponent since commercially available RF transmitters 
are not ideal. In conventional integrated receivers, a 
small amount of the local oscillators 34 intermediate fre- 
quency signal typically leaks to the variable gain ampli- 
fier 22. In the present invention, the aforementioned 
leaked local oscillator intermediate frequency signal is 
ampl if ied by the variable gain amplifier 22 and is coupled 
to mixer 30, via capacitor 28. The mixer 30 is operative 
to demodulate the local oscillator IF signal toa DC level. 
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The combined DC offset and AC information signal are 
then directly coupled through a DC correction circuit 38 
to an amplifier 40, wherein the output of the amplifier 40 
is directly coupled to an A/D converter 42. The afore- 
mentioned direct coupling saves power compared to a 
conventional AC coupling approach, because with the 
aforementioned direct coupling scheme, amplifier 40 
and A/D converter 42 are turned off between data pulses 
received by a digital receiver 60 implementing the IF 
path 10 of the present invention. Further, since the am- 
plitude of the aforementioned DC offset can be signifi- 
cant relative to the amplitude of the AC information sig- 
nal, the dynamic range of the A/D converter 42 is signif- 
icantly reduced. The amplitude of the DC offset is direct- 
ly proportional to the gain setting of the variable gain 
amplifier 22 and will change in correspondence to a 
change in the gain setting of amplifier 22. 

In a global system for mobile communications 
standard (GSM), the radiotelephone system transmits 
and receives time division multiple access data. In a TD- 
MA system, the radiotelephone only sends data to and 
receives data from the fixed transceiver 50 in certain 
"bursts" (time slots). An example of a TDMA transmit 
and receive scheme is shown in FIG. 2. In GSM, a "re- 
ceive" burst 44 is received which carries the information 
of the cellular telephone. A "Transmit" burst 46 follows 
the "Receive" burst 44, so as to transmit data in a pre- 
defined time slot (preferably, .577 msec). Prior to every 
"Receive" burst 44, and after every "Transmit" burst 46 
is a "Monitor" function 40 which performs an RF power 
measurement function, as is well known. Immediately 
after the "Monitor" function 40 is a period of "Dead" time 
(.577 msec) wherein no RF functions are performed. 
Since the "Monitor" function 40 and "Receive" burst 44 
occur only .577 msec apart from one another and since 
within this time period the receiver 50 must change fre- 
quency and gain, a burden is placed on the receiver cir- 
cuitry to quickly adjust to the correct DC bias voltage to 
avoid distorting the received data. Since succeeding 
pulses may not be from the same transmitter, the afore- 
mentioned single IF path 10 must be calibrated such 
that, the gain of the variable amplifier 22 (FIG. 1) is ac- 
cordingly adjusted to optimize the signal level to enable 
maximum dynamic range for the A/D converter 42. 
Therefore, the gain of the variable amplifier 22 for the 
"Receive" burst 44 time slot is constantly adjusted and 
maintained by continuing to monitor the baseband sig- 
nal, inducting any DC, over a succession of "Receive" 
bursts 44. Further, the gain is constantly adjusted to a 
different value during the "Monitor" function 40, using 
the above described procedure in reference to the "Re- 
ceive" burst 44. Thus, different gain settings effect dif- 
ferent DC offsets for succeeding bursts. 

Referring back to FIG. 1, prior to each aforemen- 
tioned "Receive" 44 and "Monitor" burst 40, the DC out- 
put of the mixer 30 is stored in the DC correction circuit 
38 (which includes a sample and hold circuit) and is sub- 
tracted from the output of mixer 30 during each afore- 



mentioned data burst. In furtherance of the calibration 
of the single IF path 10, the received RF signal is re- 
moved by opening respective switches 1 9 and 21 which 
is functional to prevent the mixer 16 from receiving the 
5 respective signals from antenna 11 and local oscillator 
18, as well as to enable instantaneous sampling so as 
to capture the peak of the noise signal from the variable 
gain amplifier 22. It is noted that since the noise band- 
width of the variable gain amplifier 22 may be large and 
10 not limited by the IF bandpass filter 20, a lowpass filter 
(not shown) may be incorporated into the DC correction 
circuit 38 to reduce the aforementioned noise bandwidth 
and prevent erroneous samples. The aforementioned 
lowpass filter would preferably be configured to settle 
*5 during a calibration burst time (approximately .5ms), 
while its bandwidth would still be much less than the 
aforementioned baseband (i.e., 100 KHz). Therefore, 
the resultant output referred (at the output of the A/D 
converter 42) error in corrected DC offset due to the 
noise in the channel is less than 1 LSB (least significant 
bit) with maximum gain in 60 (the entire digital radio 
channel). 

With the single IF path 10 for an RF section of a 
digital radio receiver 60 being described above, discus- 
sion will now turn in reference to a DC direct coupled 
interface circuit according to the present invention and 
illustrated in the block diagram schematic circuit of FIG. 
3, designated generally by reference numeral 100. The 
direct coupled interface circuit 100 is configured to be 
implemented in the baseband converter section of the 
digital radio receiver 60, in conjunction with the above 
described single IF path circuit 10. As will be described 
in greater detail below, the interface circuit 100 is oper- 
ative to decrease the time required to cancel DC offset 
between the aforementioned data bursts in a digital ra- 
dio receiver 60. 

The direct coupled interlace circuit 100 is coupled 
to the RF demodulator section 102 of receiver 60 (FIG. 
1) incorporating the above described single IF path 10. 
The direct coupled interface circuit 100 includes a level 
shifting amplifier 104 which is functional to adjust the 
input signal to a nominal DC bias level, and is coupled 
to a programmable gain amplifier 108 which in turn is 
coupled to an anti-alias filter 110. The programmable 
gain amplifier 108 is functional to adjust the signal gain 
of the input signal, via antenna 11 , to a level suitable for 
processing, as is well known, while the anti-alias filter 
110 is functional to compensate for the alias error intro- 
duced onto the baseband signal due to undersampling 
thereof. An analog-to-digital converter (A/D) 112 is cou- 
pled both to the anti-alias filter 110 and to a digital dec- 
imation and filter circuit 114 and is operative to convert 
the output analog signal of the anti-alias filter 110 to a 
digital signal which is input to the digital decimation and 
filter circuit 114. The digital decimation and filtering cir- 
cuit 114 is coupled to a RX channel word buffer 116 
whose output is connected to a digital signal processor 
(not shown). The digital decimation and filtering circuit 
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114 is operative to convert the output of the A/D con- 
verter 112 to digital word samples, as is well known. It 
is to be appreciated that the above mentioned compo- 
nents are all readily known to one ordinarily skilled in 
the art and are configured to form the aforementioned 
baseband converter section of the GSM digital radio re- 
ceiver 60. 

To eliminate any DC offset (i.e. residual DC offset), 
the direct coupled interface circuit 100 includes DC off- 
set compensator circuits 118, 120 and 122. DC offset 
compensator 1 1 8 is coupled intermediate the level shift- 
ing amplifier 104 and programmable gain amplifier 108 
and is adapted to remove any DC offset created or 
passed by the RF demodulator 102 and level shifting 
amplifier 104. The DC offset compensator 120 is cou- 
pled intermediate the programmable gain amplifier 108 
and anti-afias filter 110 and is adapted to remove any 
DC offset created or passed by the programmable gain 
amplifier 108 and anti-alias filter 110 and any residual 
offset from DC offset compensator circuit 120. The DC 
offset compensator circuit 1 22 preferably includes a dig- 
ital offset storage register which is coupled to the output 
of the digital decimation and filtering circuit 114 and is 
adapted to remove any DC offset created or passed by 
the A/D converter 112. The operations of the DC offset 
compensator circuits 118, 120 and 122 will be further 
described below. It is to be appreciated that if the dy- 
namic range of the programmable gain amplifier 1 08 is 
not limited, the DC offset compensator circuit 118 is not 
required. In this configuration, the DC offsets of the RF 
demodulator 102, common mode level shifter amplifier 
104, progammable gain amplifier 1 08 and anti-alias filter 
110 can be stored and corrected by DC compensator 
circuit 120. 

With continued reference to FIG. 3, the cancellation 
of the DC offset in the direct coupled interface circuit 
100 substantially occurs in two phases. In reference to 
a first phase, during the digital radio receiver's 60 power 
up cycle, or at the user's request, the digital offset stor- 
age register of the DC offset compensator circuit 122 
stores the DC offset produced by the A/D converter 1 1 2 
as a digital word. The aforementioned digital word (the 
DC offset of the A/D converter 112) is subtracted from 
each output digital value of the digital decimation and 
filtering circuit 114 prior to storage in the RX channel 
word buffer 1 1 6. Therefore, the DC offset of the A/D con- 
verter 1 1 2 is cancelled from the output signal of the dig- 
ital decimation filter circuit 114, via the DC offset com- 
pensator circuit 122. 

In reference to the remaining DC offset compensa- 
tor circuits 118 and 120, the below described DC offset 
cancellation phase occurs prior to every "Receive" burst 
44, or "Monitor" function 40 as described above (FIG. 
2), when DC offset cancellation is requested by the user. 
The baseband receiver section 60 (FIG. 1) is powered 
up approximately 500u,s prior to a "Receive" burst 44 so 
as to complete the below described offset storage steps. 
Further, a long pre-burst power up is required to both 



fitter and reduce the peak noise on an incoming demod- 
ulator offset signal to a sufficient level which enables ac- 
curate storage at the inputs to the baseband program- 
mable gain amplifier 108. 

s The DC offset compensator circuit 118 is preferably 
adapted to store DC offset from both the RF demodula- 
tor 102 and the level shifter amplifier 104 prior to each 
"Received" data burst 44 (FIG. 2). The aforementioned 
DC offsets of the level shifter amplifier 104 and RF de- 

10 modulator 102 are preferably stored in an input capac- 
itor placed across a second differential pair at the inputs 
to the programmable gain amplifier 108. Thus, the volt- 
age offset is subtracted from the input signal to the pro- 
grammable gain amplifier 108, via the DC offset com- 

15 pensator circuit 1 1 8. 

The DC offset compensator circuit 120 is adapted 
to store DC offset from the programmable gain amplifier 
108, the anti-alias filter 110, and the residual offset from 
DC offset compensator circuit 118. It is noted that DC 

20 offset compensator circuits 1 1 8 and 1 20 are in an active 
storage configuration simultaneously. Therefore, any 
residual errors caused by the non-ideality of DC offset 
compensator circuit 11 8 are compensated by the DC off- 
set compensator circuit 120. Further, the output DC off- 

2S set of the anti-alias filter 110, including the output DC 
offset of the programmable gain amplifier 108, are 
stored in the DC offset compensator circuit 1 20, via pref- 
erably an input capacitor (not shown) which is placed 
across a second differential pair at the inputs to the anti- 

30 alias filter 110. This aforementioned DC offset voltage 
is then subtracted from the input signal to the anti-alias 
filter 110, via the DC offset compensator circuit 120. 

In another preferred embodiment of the DC offset 
correction circuit according to the present invention, 

35 FIG. 4 illustrates a capacitively coupled interface circuit 
200 having time constant modification. Interface circuit 
200 is substantially identical to interface circuit 1 00 (FIG . 
3) except for the exclusion of the level shifting amplifier 
104 and DC compensator circuit 118 and the provision 

40 of capacitor 202, switch 204 and resistors 206 and 20B. 
Capacitor 202 is operative to block DC signals be- 
tween the baseband converter section 250 and RF de- 
modulator 102 when the interface circuit 200 is in a 
steady -state condition. The resultant pole which is 

45 formed between capacitor 202 and resistor 208 is con- 
figured to be tow enough to pass the low frequency sig- 
nal energy of the RF Demodulator 102 through interface 
circuit 200. However, the aforementioned low frequency 
pole inherently implies a long time constant and settling 

so time before DC offset signals settle. Further, the afore- 
mentioned long settling time effects transient power up 
and down difficult to achieve at GSM TDM A frame rates 
whereby the DC offset and common mode voltage do 
not have sufficient time to settle. 

ss The above mentioned settling time problem is obvi- 
ated in the present invention interface circuit 200 by 
modifying the tau (t) of the time constant of the RC cir- 
cuit which is formed by capacitor 202 and resistor 208. 
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Preferably, the resistor 208 is to be further representa- 
tive of the input resistance of the programmable gain 
amplifier 108. Further, the input impedance of the pro- 
grammable gain amplifier 108 is reduced by closing 
switch 204 which effects capacitor 202 to be coupled to 
resistor 206, wherein the resistance of resistor 206 is of 
a smaller value than the resistance of resistor 208. Since 
t is reduced, the RF demodulator 102 and baseband 
can be powered up early enough to enable DC voltages 
to settle on the coupling capacitor 202, which block the 
occurrence of a DC signal from the RF demodulator 1 02. 
Therefore, the coupling capacitor 202 becomes the DC 
offset storage element, in contrast to the DC offset com- 
pensator circuit 118 of FIG. 1. Further, the resistor 206 
can be configured of a resistance which generates a 
pole frequency low enough to permit noise filtering dur- 
ing DC offset storage on capacitor 202 and is further 
coupled to a common mode reference point (not 
shown). 

The DC offset cancellation operation of the inter- 
face circuit 200 is identical to that of interface circuit 100 
(FIG. 3) as described above except for the DC offset 
cancellation of the RF demodulator 102. The DC offset 
of the RF demodulator 102 is stored in the interface cir- 
cuit 200 prior to every received data burst (FIG. 2). The 
RF demodulator 102 which includes the above de- 
scribed single IF path 1 0, is configured to present its DC 
offset to the input of the programmable gate amplifier 
108. The switch 204 is closed so as to reduce the RC 
(202, 208) time constant, as described above. 

While the invention has been particularly shown 
and described with reference to preferred embodi- 
ments, it will be understood by those skilled in the art 
that various modifications in form and detail may be 
made therein without departing from the scope and spirit 
of the invention. It is to be appreciated for instance, that 
a person skilled in the art may apply the invention dis- 
closed herein to similar embodiments not limited to the 
following: radio receivers which convert the receive in- 
put signal directly to the baseband frequency or radio 
receivers which contain some variable gain baseband 
circuitry. Further, it is contemplated that the above de- 
scribed circuit scheme may be employed in a second 
intermediate frequency stage of a dual intermediate fre- 
quency system. Accordingly, modifications such as 
those suggested above, but not limited thereto, are to 
be considered within the scope of the invention. 



Claims 

1. A radio receiver for receiving an input signal, said 
radio receiver comprises: 

(a) means for receiving an input radio signal; 

(b) intermediate frequency means coupled to 
said receiving means for generating an inter- 
mediate frequency (IF) signal from said input 



radio signal; and 

(c) demodulation means coupled to said inter- 
mediate frequency means for demodulating 
said IF signal into an inphase (I) signal and an 
s quadrature (Q) signal; said demodulation 

means includes: 

(i) first and second mixers for respectively 
providing said I and Q output signals from 

10 said IF signal; 

(ii) first and second DC correction circuits 
respectively coupled to said first and sec- 
ond mixers and each respectively including 
a low pass filter, each said first and second 

*s DC correction circuits being adapted to re- 

spectively store a first DC offset of said first 
mixer and a second DC offset of said sec- 
ond mixer prior to reception of said input 
signal and to subtract said first and second 
20 DC offset signals of said first and second 

mixers during reception of said input sig- 
nal. 

2. A radio receiver as recited in claim 1 , wherein said 
2S demodulation means further includes: 

(iii) first and second amplifier means respec- 
tively coupled to said first and second DC cor- 
rection circuits for amplifying the respective 

30 output I and Q signals of said first and second 

DC correction circuits. 

3. A radio receiver as recited in claim 2, wherein said 
demodulation means further includes: 

35 

(iv) first and second analog-to-digital convert- 
ers respectively coupled to said first and sec- 
ond amplifiers for converting the respective out- 
put signals of said first and second amplifiers 

40 to digital signals. 

4. A radio receiver as recited in claim 3, wherein said 
means for receiving an input radio signal includes 
an antenna coupled to a low noise amplifier for am- 

45 plifying said input radio signal. 

5. A radio receiver as recited in claim 4, wherein said 
intermediate frequency means includes a third mix- 
er coupled to both said low noise amplifier and a 

so local oscillator, said demodulation means further in- 
cludes a first switch coupled intermediate said low 
noise amplifier and said mixer and a second switch 
coupled intermediate said mixer and said oscillator, 
whereby when said first and second switches are in 
55 an open position said low pass filter of each said 
first and second DC correction circuit is caused to 
settle. 
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ing said baseband output signal of said demodula- 
tion means. 

12. A device for compensating for DC offset as recited 
s in claim 11, wherein said first DC compensator cir- 
cuit is additional coupled to level shifting amplifier 
and is configured to store DC offset from said de- 
modulation means and said level shifting amplifier 
and subtract said stored DC offset from said input 

io signal to said programmable gain amplifier. 

13. A device for compensating for DC offset as recited 
in claim 10, wherein said first DC compensator cir- 
cuit includes an AC coupling capacitor coupled in 

15 series with an input resistor whereby said AC cou- 
pling capacitor and said input resistor have a time 
constant, said AC coupling capacitor is further cou- 
pled to said demodulation means and said input re- 
sistor is further coupled to said programmable gain 

20 amplifier, said first DC compensator circuit further 
includes a switch coupled in series with a second 
resistor, with said switch and said second resistor 
being coupled intermediate said AC coupling ca- 
pacitor and said input resistor. 

25 

14. A device for compensating for DC offset as recited 
in claim 13, wherein said switch is configured to be 
in a closed position during reception of a radio fre- 
quency signal and in an open position prior to re- 

30 ception of a radio frequency signal, whereby when 
said switch is in said closed position, said time con- 
stant is reduced on said AC coupling capacitor. 



6. A radio receiver as recited in claim 5, wherein said 
intermediate frequency means further includes an 
AC capacitor coupling the output signal of said third 
mixer to said demodulation means. 

7. A radio receiver as recited in claim 6, wherein said 
radio receiver is a quadrature demodulating radio 
receiver. 

8. A device adapted for implementation in a radio re- 
ceiver which compensates for DC offset in a signal, 
said device comprising: 

(a) radio frequency demodulation means for 
demodulating a received radio frequency signal 
to a baseband signal; 

(b) a programmable gain amplifier coupled to 
said demodulation means for amplifying said 
baseband signal; 

(c) an anti-alias filter for compensating for dis- 
tortion due to undersampling of said baseband 
signal; 

(d) an analog-to-digital converter coupled to 
said anti-alias fitter for converting an output sig- 
nal of said anti-alias filter to a digital signal; 

(e) a digital decimation and filtering circuit cou- 
pled to said analog-to-digital converter; and 

(f ) a DC compensator circuit coupled to said de- 
modulation means and to said programmable 
gain amplifier, wherein said DC compensator 
circuit is configured to store DC offset from said 
demodulation means and subtract said stored 
DC offset from said received radio signal to said 
programmable gain amplifier. 

9. A device for compensating for DC offset as recited 
in claim 8 ; further including a second DC compen- 
sator circuit coupled to both said programmable 
gain amplifier and said anti-alias filter, wherein said 
second DC compensator circuit is configured to 
store DC offset from both said programmable gain 
amplifier and said anti-alias filter and subtract said 
stored DC offset from an input signal to said anti- 
alias filter. 

10. A device for compensating for DC offset as recited 
in claim 9, further including a third DC compensator 
circuit coupled to said analog-to-digital converter, 
wherein said third DC compensator circuit is config- 
ured to store DC offset from said analog-to-digital 
converter and subtract said stored DC offset from 
an output signal of said digital decimation and filter- 
ing circuit. 

11. A device for compensating for DC offset as recited 
in claim 1 0, further including a level shifting amplifier 
coupled intermediate said demodulation means 
and said programmable gain amplifier for amp I if y- 



15. A device for compensating for DC offset as recited 
55 in claim 8, wherein said radio receiver is a quadra- 
ture demodulating time division multiple access ra- 
dio receiver. 

16. A method for compensating for DC offset in a signal 
40 received in a time division multiple access radio, the 

method comprising the steps of: 

(a) demodulating a received radio frequency 
signal to a baseband signal; 
45 (b) converting said baseband signal into a dig- 

ital signal; 

(c) storing DC offset associated with said digital 
signal; 

(d) decimating said digital signal; and 
50 (e) diminishing said stored DC offset associat- 
ed with said digital signal from said decimated 
digital signal. 

17. A method for compensating for DC offset as recited 
55 in claim 16, further including the steps of: 

(f) amplifying said baseband signal; 

(g) compensating for aliasing error in said am- 
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plified baseband signal; 

(h) storing DC offset associated with said am- 
plified baseband signal and said alias compen- 
sated signal; and 

(i) diminishing said stored DC offset associated s 
with said amplified baseband signal and said 
alias compensated signal from said amplified 
baseband signal. 

1 8. A method for compensating for DC offset as recited 10 
in claim 17, further including the steps of: 

(j) storing DC offset associated with said base- 
band signal; 

(k) diminishing said stored DC offset associat- is 
ed with said baseband signal. 
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